LONGITUDINAL MULTIBUNCH INSTABILITY
The regime of operation with two electron and two positron bunches was used for high energy physics experiments at the VEPP 4M electron-positron col lider; this regime gives much higher luminosity. One side effect of increasing the number of bunches is that the longitudinal motion of bunches is instable, which results in large amplitude phase oscillations. Phase oscillations result in a sharp reduction of luminosity and beam lifetime. Moreover, beam particles falling onto the drift chamber of the KEDR detector may provoke high voltage breakdowns and damage the drift chamber. The reason for the instability is reso nance excitation by the beam of higher oscillation modes of accelerating resonators.
In accelerating high frequency resonators (except for the fundamental mode, whose energy is transmit ted to the beam for acceleration and compensation of energy losses), parasitic higher modes are also excited. The minimization of higher modes is a necessary con dition for designing modern resonators; however, the complete suppression of higher modes is practically impossible. Figure 1 shows a calculated spectrum of higher modes of one of the accelerating RF resonators of the VEPP 4M electron-positron collider as an example. It can be seen that the frequency character istic of VEPP 4M accelerating RF resonators contains a large number of parasitic higher modes.
The interaction between the beam and higher modes of accelerating resonators (narrow band impedance) results in the excitation of long lived wake fields which, acting on the following bunches, may cause longitudi nal instability in the multibunch regime. If N b bunches are uniformly distributed over the accelerator perime ter, the nth oscillation mode is excited if the following resonance condition is satisfied:
(1) where m, p are an integer and Q s is the synchrotron fre quency in units of revolution frequency.
The impedance of the nth longitudinal mode can be written as (2) Since the impedance of each of the higher modes is characterized by certain values of the resonance fre quency the shunt resistance and the quality factor the instability buildup time τ ||mbn 
Commissioning Feedback Systems
Here, I b is the current of one bunch. In the VEPP 4M electron-positron collider, in spite of the small number of bunches (two electron and two positron bunches), the excitation of the longitudi nal multibunch instability is possible. The accelerating resonators of VEPP 4M are situated near the parasitic colliding point, and high quality modes of wake fields excited by the electron or positron bunches do not have enough time to damp until the arrival of a bunch with the opposite polarity. Thus, the resonance condi tions for instability excitation are created.
LONGITUDINAL FEEDBACK SYSTEM
Each of the five VEPP 4M resonators contains three controllable ways to suppress higher modes. There are domains of stable beam motion that corre spond to certain ways to adjust for higher mode sup pression. However, if the temperature of the resonator varies, its geometric dimensions change and the reso nator is brought out of the domain of stable beam motion.
To reliably suppress instability at VEPP 4M, the longitudinal feedback system was developed and put into operation [2] . A schematic diagram of the system is shown in Fig. 2 ; one channel for one type of particles (electrons or positrons) is shown. Since two pairs of bunches (e + and e -) circulate in the storage ring, the feedback system should suppress four coupled oscilla tion modes: two modes for electrons and two modes for positrons. Signals proportional to the longitudinal phase of each bunch are obtained at each turn using a fast phase detector connected to the beam pickup. The
R n HOM ω n HOM . = sample and hold circuit is used for signal registration; output signals of this scheme are digitized by the fast ADC and recorded in RAM. Digital information is read out from the memory and converted by four DACs into four analog signals; each of these signals is proportional to the instantaneous phase of the corre sponding bunch (2e + and 2e -). The total signal of each pair corresponds to the in phase oscillation mode, and the difference signal corresponds to the antiphase mode. These signals are used for the modulation of RF voltage supplied to the kicker using two balanced mod ulators. This scheme includes two carrier oscillators; one of them is tuned to the even 398th harmonic of the revolution frequency for suppressing the in phase mode and the second one is tuned to the odd 397th harmonic for suppressing the antiphase mode. Output signals of the balanced modulators are summed and supplied to the power amplifier.
Two RF kickers are used in the system; one is for electrons and the other one is for positrons. Each kicker consists of a pair of resonators with an eigenfre quency of f c = 325.5 MHz, which is between the 397th and 398th harmonics of the revolution frequency. The distance between the resonators of each pair is chosen to be equal to one quarter of the wavelength, 230 mm. The frequencies of higher modes of the kicker resona tors are above the critical frequency of the vacuum chamber (2500 MHz), which minimizes possible problems with wake fields. The output power of the RF amplifier is separated using the directional coupler and is supplied to the resonators via the cables with equal length. The resonators are connected in such a way that, for particles with the same polarity (e + or e -) moving in the corresponding direction, the RF voltage phase in the second resonator is shifted by π/2 with respect to the voltage phase at the first resonator. Thus, particles of the given polarity receive a double kick, 
